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RESEARCH MEMORANDUM

EFFECTS (F INTERNAL-AREA DISTRIBUTION, SPIKE TRANSIATICN, AND
THROAT BOUNDARY-LAYER CONTROL ON PERFORMANCE OF A DOUBLE-
CONE AXTSYMMETRIC INLET AT MACH NUMBERS FROM 3.0 TO 2.0

By James ¥. Connors, J. Calvin Lovell, and George A. Wise

SUMMARY

An investigation was made to determine the effects of initisl sub-
sonic diffusion rate, varisble geomebry, and throat boundary-lsyer con-
trol on the performance of an axisymmetric double-cone inlet. Results
were obtained for Mach numbers from 3.0 to 2.0, angles of attack to 12°

and a Reynolds number of 3.07)(1.06 based on the capture diameter.

Mg jor gains in performance at the higher Mach numbers were obtained
with boundary-layer control in the form of a ram scoop at the throsat.
Compared with the no-bleed configuration at Mach 3.01, the total-pressure
recovery was Increased from 0.625 to 0.74, with a concomitant increase in
the cowl-plus-spillage drag coefficient from 0.11 to 0.14 due to0 a corre-
sponding decrease in the mass-flow ratio from 0.96 to 0.91. This resulted
in an improvement of 22 percent in propulsive thrust for a hypothetical
turbojet engine with such & bleed system. Below Mach 2.1 where shock de-
tachment occurred, boundary-layer bleed was not effective.

Minor improvements in internsl performsnce were obtained at the
higher Mach numbers (above Z.44) with a more gradusl area expansion in
the initial portion of the subsonic diffuser. However, as the spike was
retracted, internal comtraction was also encountered soomer. At reduced
Mach numbers, fixed-geometry configurations incurred excessively high-
spillage drags and scmewhat lower pressure recoverles when compared with
those of a translating-spike inlet.

INTRODUCTION

The first phase of an extensive program on axisymmetric double-cone
inlets, designed for operstion over a range of Mach numbers up to 3.0,
has been reported in reference 1. It Yﬁé@ﬂd that an inlet with a
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rapid turn on the spike shoulder (the 20-percent-cowl inlet) gave essen=
tially the same intermal performance with 45 percent less cowl drag than
an inlet with a more gradual turn (the 40-percent-cowl inlet). These"
results indicated an obvious preference for the lower drag configuration
in terms of over-all performance.

With the 20-percent-cowl inliet of reference 1 used as a figure of
comparison, the present investigation evaluated in detail the effects on
performance of several design variables. Specifically, these design var-
iations included the use of a more graduasl initigl rate of area expansion
in the subsonic duct, a comparison of a fixed-geometry inlet with a
translating-spike configuration, and the application of various boundary-
layexr contreol techniques. Boundary-layer bleed systems using elther ram
scoops or flush slots in the vicinity of the throat were explored. Pump-
ing of the bleed air was accamplished by venting the centerbody and as-
plrating to ambient pressure. These modifications were evaluated on the
basis of a net propulsive thrust In order to indicste the balance between
internal performance and external drag.

Generally, spike translation wae programmed on the bagis of matching
the aslrflow requirements of & hypothiétical turbojet engine by spillling
air with the first oblique shock .and, where possible, keeping the second
obligue positioned at the cowl lip. At —design Mach number (3.0), voth
obligue shocks coalesced at the cowl lip. .

The investigetion was conducted in_the Lewis 10- by 10-foot unitary
wind tunnel at Ma:h numbers of 3.01, 2.73, 2.44, and 1.97. Reynolds mum-

ber based on the inlet capture dlameter was constant at 3.07Xl06, and
angle of attack was varied up to 12°.

SYMBOLS

area, sq ft

>

inlet capture area, 1.184 sg ft

Aoy maximum projected frontal srea of mode” 1 .483 sq ft

Ay area normal to flow directlon in duet, sqg in.
A3 diffuser-exit flow area, 0.961 sq ft

Cp drag coefficient, D/qOAme

D dreg, 1b

TSV
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additive drag

cowl drag

cowl pressure drag plus spillasge (additive plus bleed) drag
thrust, 1b

ideal thrust, i.e., ¥ at Pz/Py = 1.0, 1b

Mach number

inlet mass-flow ratio, p3V3.A3/pOVOAin

total pressure, 1b/sq ft
totéi—pressure recovery
dynemic pressure, lb/sq £t
air velocity, ft/sec

welght flow, lb/sec

corrected weight flow at station 3, (1b/sec)/sq ft

distance along axis of symmetry, in.
distance across the duct normal to the average duct flow, in.

distance from axis of symmetry or distance from centerbody
normal to the average duct flow, in.

angle of attack, deg
ratio of local total pressure to NACA standard sea-level pres-
sure of 2116, 1b/sq ft

- Dc+s

propulsive-thrust parameter, Fid

ratio of local total temperature to NACA standard sea-level
tempersture of 518.7° R

cowl-position parameter, angle between axis of symmetry and line
from spike tip to cowl 1lip, deg
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o density of air, 1b/cu ft
Subsecripts:

max maximum

o conditions in free stream
3 conditions at diffuser exlt
Superscript:

area-welighted value

APPARATUS AND PROCEDURE

A schematic drawing of the over-all inlet test model is shown in .
figure 1(a). This is the 20-percent-cowl inlet model with a maximum di-
ameter of 16.46 inches that was used In reference 1. Briefly, the model
incorporated a movable exit plug to vaery the back pressure, an internsal
balance, and provisions for translating the spike and verying the angle
of attack. The basic supersonic-compression surface consisted of a 20°-
35C double-cone centerbody designed for both oblique shocks to coalesce
at the cowl lip at Mach 3.0.

Modifications for the applicetion of boundsry-layer control are in-
dicated in figure l(b). The drawing of the inlet test model shows how
the centerbody was vented to ambient pressure through two hollow support
struts. 8Small semicones were attached to the externasl skin over the
struts for better pumping of the bleed air through ejector action. Fig-
ure 1(b) also shows sketches of the various bleed configurstions studied.
Ram scoops (1 and 2) and the flush slot are drawi to scale with the cowl
lip in the design position (M 3.0). As en additional point of reference,
the inlet stmtion is represented by a line from the cowl 1lip perpendicu-~
lar to the.second.conical surface. The height of rem scoop 2 was gpprox-
imately one boundary-layer thickness. . o .

To contrast with the inlet of reference 1, which will be hereinafter
referred to as inlet I, another configuration designated as inlet II was
designed for the same cowi but-with a different internal-area distribu-.
tion (see fig. 1(c)). At Mach 3.01, inlet II had a more gradual initial
rete of area expansion in the subsonlc duct {an equivalent conical area
expension of approximately 18.5°, compsred with 42° for inlet I). Inlet
II characteristically incurred internal contraction earlier with spike .
retraction; for exsmple, at the Mach 2.44 positione, inlet II already
had internal contraction and inlet I dld.not Coordlnate dimensions
are given in tebles I and II. ) T -

I
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Instrumentation and data-reduction methods were the same as those
employed in reference 1. For convenience, the principasl parameters and
thelir method of determination are tabulated as follows:

Parameter Basilis of calculation

Total-pressgure recovery, | Area-welghted average of 48 total
Pz/Pq pressures at station 66

Mass-flow ratio, ms/mO Static pressure at station 66 and
the assumption of isentropic
flow to choked ares at plug

External drag, D Difference between axisl force ob-
tained from balance and intermnal
thrust calculated from pressures

Cowl drag, D, Integration of experimental static-
pressure distributions

Additive drag, Dy, Subtraction of the measured cowl
drag and an estimated friction
drag from the total externsal
drag (for the no-bleed
configurations)

Additional total-pressure rekes were installed Inside the annulsr duct
at stations O and 16 for local flow surveys to determine the approximate
location of high-loss aress.

RESULTS AND DISCUSSION

This section will be subdivided into three mein areas of investiga-
tion. (1) With the basic double-cone inlet of reference 1 used for com-
parison, the effects of a more gradusl internal-area distribution at the
beginning of the subsonic diffuser are illustrated. (2) The performance
geins due to varisble gecmetry are shown In a comparison of fixed-
geometry and translating-spike configuraetions. (3) The last and most
significant subdivigion is a discussion of the major performsnce gains
resulting from the application of boundary-lsyer control in the vicin-
ity of the throat. Performance of the various configurations is de-~
gcribed in terms of total-pressure recovery, mass-flow rate, and
external-drag coefficients.

Effect of Internal-Area Distribution

The individual performesnce curves for inlet IT at design values of
cowl-position parameter 91 are presented in figure 2, for Mach numbers



6 L NACA RM ES57F03

of 5.01, 2.73, and 2.44. At Mach 3.01, inlet II which had the more grad-

ual rate of area expansion attalned a pressure recovery of 0.645, as com- '
pared with 0.625 for inlet-I. Additional performance curves for values .
of GZ greater than design and at the free-gtream Mach number My of

3.01 are shown in figure 3(a). The effect of 63 on performance at

Mach 3.01 was markedly different for the two inlets (see fig. 3(b)).
With inlet II, increasing 91 1/2 degree above the deslgn value gave a

stable subcritical operating xrange Ams/ﬁo of approximately 0.4. This
stebllity, however, was acccompanied by a 0.04 decrease in maximum re-
covery. These results are in contrast to the results obtained with
inlet I, but similar to those obtained with the 40-percent-cowl inlet
of reference 1. It appears, then, that the rapld area expansion of
inlet I, rather than the rapld rate of turning, triggered subcritical-
flow instability (or buzz). Presumsbly, the rapid area expansion in-- -
duced flow separation and choking within the duct to iniltiate the buzz -
condition.

TIPS

ik
it

The variation of critical performance for both inJets I and II at
design 6y with free-stream Mach number is shown in figure 4. Inlet

II resulted in a slight improvement in pressure recovery (0.0l to 0.02)
above that for inlet I at each Mach number investigsted. Mass-flow ra-
tios at Mach 2.44 and above were about the same for both configuratioms.
As Mach number is decreased below 2.44, shock detachment and an attendant
decrease in mass-flow ratio due to excessive internal contraction would
occur at a somewhat higher Mech number for inlet II than for inlet I.
This is indicatqd qualitatively on the figure by the droop in the mass-
flow curve for inlet II.

Effect of Spike Translation

Critical inlet performance of the fixed-gecometry configuration is
also included in figure 4 for Mach numbers from 3.0 to 2.0. Pressure
recoveries for the fixed inlet were several counts lower than those for -
the transleting-splke inlets at the intermediate Mach numbers. Presum-
ably, the higher recoveries of the variable-geometry inlets resulted - R—
from the initiel rate of area expansion in the subsonic duct being re-
duced by translation of the spike for reduced Mach-number operation. As
Mach number was reduced from the design value (3.0), mass-flow ratio de-
creased linesrly and much more rspidly with the fixed spike. The schedule
of pressure recovery and mass flow for the fixed-geometry inlet corres-
ponded to an spproximately constant corrected-ailrflow rate over the Mach-
number range studied.

External drag coefficlents for supercritical inlet operation are

presented in figure 5. Compsred with the values for the two translating- L
spike configurations, the drag coefficients for the fixed-geometry inlet -
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were much higher at reduced Mach numbers (as much as 50 percent higher
at Mach numbers 2.2 to 2.5). This, of course, was a consequence of the
Increased msss-flow spillage assoclated with the fixed spike.

FPigure 6 shows schlieren photographs of the airflow patterms at
zero angle of attack. For the varisble-geocmetry case, the spike was
translated to maintain the second oblique shock at the cowl lip. With
the fixed spike, both oblique shocks steepened and moved progressively
out zhead of the cowl as Mach number was reduced. At My = 1.97, both
inlets were operating with subsonic entrance flow as indicated by the
bow shock standing out shead of the cowl lip. )

Effect of Throat Boundary-Leyer Control

Surveys of the flow aloang the duct of inlet II with no bleed were
made at Mach 3.0l primarily to ascertain the distribution and location
of total-pressure losses in the inlet. Total-pressure profiles were ob-
tained for zero-angle-of-attack operation at station O (at the cowl 1lip
before turning), at station 16 (after the turn back to axial had been
completed), end at station 66 (the diffuser exit). Results are shown in
figure 7. With supercritical inlet operation (fig. 7(a)), the rake at
station O indicated essentially a theoretical shock-loss recovery of
approximately 0.74. At about the critical condition (fig. 7(b)), the
reke gt stetion 16 indicated a local recovery of not more than 0.01 higher
than the over-asll recovery of 0.645. Thus, the region where the large
losses in recovery occurred (0.74 to 0.65) was between stations O and
16, where the flow turning was taking place. This is the aresa where im-
provements in performance would seem to be most probeble with adequate
boundaxry-layer control.

During subcriticel inlet operstion (fig. 7Ec)), e large increase in
recovery was observed at the diffuser entrance (station O). Locally, the
recovery at this station was as high as 0.86 at Mb = 3.0L. This gain

was not realized at the downstream stations. From the inlet total-
pressure profile, it was possible to construct a model of the correspond-
ing flow field. The analysis indicated that the additionel compression
was the result of a third oblique shock generated by a boundary-layer
gseparation wedge caused by pressure feedback from the terminal shock
system. The effective aerodynamic wedge wes calculated to be approxi-
mately 13°,

Diffuser performesnce characteristics are presented in figure 8 for
inlet I with ram scoop 2 located in the vicinity of the throat. Of the
various bleed systems investigated, this configuration gave the best over-
211 performesnce. At Mach 3.0l, a critical recovery of 0.74 was cbtained
st zero sngle of attack with a corresponding mass-flow ratio of 0.91 and
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& cowl-position parameter of 29.3°. In most cases with bleed, it was
necessary to make slight adjustments in 91 from the design value. With

ram scoop 2 at Mach 3.01, for example, 87 was 0.2° less than the design
vaelue. At design 87, the large gains in recovery were not realized.

This probebly indicates the sensitivity of bleed location relative to
the terminal shock.

Critical inlet performances for the various bleed systems are sum-
marized snd compared with.the no-bleed results of reference 1 in figure
9. In general, 81l bleed configurations improved recovery. At Mach
3.01, a maximm recovery of 0.765 was achieved with ram scoop 1, but at
the expense of a 0.125 decrease in mass-flow ratio and detached-shock
operetion at My = 2.73, caused by the rather blunt scoop and effective

intermal contraction. Campared with the no-bleed data of reference 1,
ram scoop z gave large geins in performance at My = 3.01 (recovery in-

creased fram 0.625 to 0.74 with corresponding mass-flow ratios of 0.96
and 0.91). The recovery gains diminished as Mach number was reduced to
1.97 and were sccampanied by a 0.04 to 0.05 decrease in mass-flow ra-
tio from the no-bleed values over the entire Mach-number range. This
additional spillage occurred partly behind the shock system at the 1lip
and partly through the internal bleed system. As shown on figure 9,
some improvement cccurred with the flush-slot configuration, but not as
much as with the ram scoops.

Flow surveys along the duct at zero angle of attack were also mede
with the optimum bleed configuration (inlet I with ram scoop 2) at Mach
3.01. Results are shown in figure 10. TIn all cases during supercrit= .
ical inlet operation (fig. 10(b)), the entrance rake at station O indi-
cated shock-loss recovery near the cowl lip and slightly increasing re-~
covery towards the centerbody. This shows, possibly, that the ram scoop
was not taking the boundary-layer flow off cleanly and actually was forc-
ing some separstion in front of it to generaste additional compression.

At approximstely critical operstion (fig. 10(a)), all three rakes were
cloge to the same recovery levels. From this it is concluded that the
gubsonic duct losses were reasonably smaell, and the terminal shock sys-
tem was located near the design position or minimum ares stetion during
critical operation. It appears that the ram scoop allowed the inlet to
benefit from the added compression due to separation and removed enough
of the low-energy alr to prevent breakdown of—the flow into the subsonilc
duct (e.g., separation). This type of flow mechanism had been previously
observed and described at lower Mach numbers with two-dimensional inlets
(see ref. 2).

The effect of angle of attack on inlet performance with and without
boundary-layer control is presented in figure 11. The pressure recovery
with bleed (ram scoop 2) dropped off more repidly with angle of attack.
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then with no bleed. This decrease appears generally typical of high-
recovery inlets. At Mach 3.0l and an angle of attack of 10°, both inlets
had about the same recovery. Mass-flow ratbios with bleed were lower at
o = O than the no-bleed values, but the rate of drop off in mass flow
was about the same for both cases.

Variation of mass-flow ratio and pressure recovery with the cowl-
position parameter €7 1is shown in figure 12. By comparing the bleed

data with that for the no-bleed case at corresponding values of 91, the

mags-flow ratio through the internal bleed system may be determined, and
also the amount of shock spillage. For example, at Mach 3.0l with bleed,
the capture mass-flow ratic was 0.91, bleed mass-flow ratio was 0.025,
and the shock spillage mass-flow ratio was 0.085. Bleed mass-flow ratio
remains essentially constant (~0.02) down to Mach 2.44, but increased to
0.05 at My = 1.97, probably as a result of detached-shock operation.

In figure 15, a propulsive-thrust comparison was made of inlet I
without and with boundary-layer control in the form of ram scoop 2. The
upper portion of the figure presents the cowl-plus-spillage drag coef-
ficients for both cases over the Mach-number range. With bleed, these
coefficients are 0.01 to 0.03 higher than the no-bleed values. At Mach
3.01, the cowl-plus-spillage drag coefficient (based on the meximum
frontal area) was 0.14 with bleed and 0.11 without bleed. This increased
drag with bleed was, of course, the result of the added shock spillage
and the dumping of the internal bleed flow through an axial sonic dis-
charge to embient pressure. These drag coefficients were used in the
camputetions of the propulsive-thrust parameter 7 {shown in the lower
portion of fig. 13). With the inlets matched at the critieal condition
for all Mach numbers, a turbojet engine with afterburning to 3500° R was
assumed in the comparison. With these inlets at the design Mach number,
61.5 percent of ideal thrust would be avallable with bleed, as campared
with gbout 50.5 percent without bleed. Thus, at Mach 3.0l, this system
of throat bleed produced an increase in propulsive thrust of 22 percent
sbove the no-bleed value. The shaded portion of this figure shows the
gains availsble with bleed over the Mach-number range. These gains which
decrease with Mach number are zero at Mgy = 2.1, below which shock de-

tachment occurred, and the slight improvement in recovery was more than
offset by the increased drag.

SUMMARY OF RESULTS

An experimental study was made in the 10- by 10-foot supersonic wind
tunnel of the performance of an axisymmetric double-cone inlet to deter-
mine (1) the effects of variation in the rate of internmal area expansion
in the initial portion of the subsonic diffuser, (2) the effectiveness of
centerbody translation as opposed to a fixed-geometry inlet configuration,
and (3) the effect of boundary-layer control in the vieinity of the
throat. The following results were cobtained:
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1. Major gains in performance at the higher Mach numbers were ob-
tained with boundary-layer control in the form of a ram scoop at the
throat. At a free-stream Mach number of 3.01, bleed increased the re-
covery from 0.625 to 0.74 with a corresponding increase in cowl-plus-
spillage drag coefficilent fram 0.11 to 0.14, as mass-flow ratio decreased
from 0.86 to 0.91. This corresponds to a 22 percent increase in propul-
sive thrust for a hypothetical turbojet engine. Below the free-stream
Mach number of 2.1, where shock detachment occurred, boundary-lasyer bleed
lost its effectiveness

2. In camparison with an inlet having a repid rate of turning and a
rapid initial rate of area expansion, minor improvements ln internal per-
formance were obtalned at Mach numbers from 3.01 to 2.44 by employing a
more gradual initigl rate of srea expansion in the subsonic diffuser
(0.645 recovery at Mach 3.0l1); however, internal contraction was also
encountered sooner as the spike wag retracted for reduced Mach-number
operation. At a free-stream Mach number of 3.0l1, a large steble sub-
critical range, equal to 40 percent of maximum.mass flow, was obtained
by increasing the cowl-position parameter 1/2 degree above design.

3. At reduced Mach numbers, fixed-geometry configurstions incurred
excessively high-spillage drags (in same cases, as much as 50 percent
higher) and somewhat lower pressure recoveries when compared with those
of a translating-spike inlet”

Lewis Flight Propulsion Leboratory
National Advisory Cammittee for Aercnautics
Cleveland, Chio, June 13, 13857
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X, Y
in. in.
0 0
10.50 | 3.82
11.30 | 4.376
13.65 | 6.027
13.91 | 6.165
14.21 | 6.220
14.71 | 6.248
15.71 | 6.280
l6.81 | 6.300
18.41 | 6.265
19.71 | 6.228
21.21 | 6.190
22.71 | 6.150
24.71 | 8.105
26.21 | 6.060
X, ¥
in. in.
o] 0
10.50 | 3.82
11.30 | 4£.376
11.71 | 4.869
13.86 6.174
14.11 | 6.320
14.41 | 6.407
14.71 | 6.452
15.01 | 6.472
15.31 | 6.480
16.51 | 6.480
18.41 | 6.440
189.71 | B8.405
23.71 | 6.255
Z25.21 | 6.170
26.21 | 6.060

TABLE I. - SPIKE COGRDINATES
(2) Inlet I.

Straight 20°

Straight 35°

X ——
"’sf

(b) Inlet IT.

Straight 20°

Streight 35°

11
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TABLE II. - COWL COORDINATES

Station

Diameter,
in.

Internal | BExternsl

BEERE BESvo
38 88888 885883

o
w o

DN NN
pEo
888

22.50

14.730 14.770
------ 15.384

16.140 16.350

16.174 | 16.384
16.190 16.400
16.200 16.436
16.210. 15.460
16.200

16.180
16.160
16.150
168.130
16.110

16.064
16.024
15.984
15.944
15.904 .

15.864
15.820
15.780
15.740
15.700
15.680 Y

Detail A
14.73"
_ _ 16.46"
— 24.00"‘.1
L
O-Ol" Rad-
320351
7036 \
— 1 -
14.73" Diam.
Detail A
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¥ilgure 1. -~ Exparimentel apparatus.
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(b} Bomdary-layer bleed systems.
Figure 1. -~ Contimued. Xaperimental apparstus.
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Axlal distance from cowl leading edge, x, in.

(o) Intsrnal-area distribution.
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Figure 2. - Diffuser performence characteristics at design 6; for each.Mach number. Trans-
lating spike, inlet II.
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Figure 5. - Variation of supercritical drag coefficlents with Mach number for the no-
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(b) Pixed-geometry inlet.

My = 5.00
(a) Design Meoh mumber (same
for both inlets).

L (-45147

My = 2.44 My = 1.97
(¢) Translating-spike inlet.
Figure 6. - Alrflavw pattern at zero angle of atteck for fixed-geometry and tranelating-spike Inlets.
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Figure 7. - Profiles with no bleed at zero angle of attack.

(b) Total-pressure recovery,
0.644; mass-flow ratio, 0.959;

near critical.

to flow to annular dietance, y/!'

auberitical.

Free-stream Mach number, 3.0.

(c¢) Total-pressure recovery,
0.635; masa-flow ratio, 0.903;

Inlet II.
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Figure 9. - Varlation in critical inlet performance with Mach number. Inlet I,
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wr23: (1) Reynclds mumber is besed on the diamster
of 8 circls vith the same area a5 that
" of the capture area of the inlat.
{2) ™a aymbal * denctes the occurrance of
buexs.
Depoription Test paramctors Teat dnte Perf ormenoe
Report Fumiber . An Angla M o
&nd o hm- ?';u Reynolds of’h of Inlet- [Mischarge-| yop | total- |  Hass-flow Renarks
facllity Configiration cblique| lmyer | Mash mﬁ_ﬁ attack, lvav, |Drmg ﬂwh Tlow | ctre | preamme ratio
shocks | comtrol |mumber| X 10 deg  |dea profils| profils recovery
CONFID - Throat | 3.01 3.07 otol2 | o ' ' ' / 0.765 | 0.99 to 0.85" | Major gains in total-presmumre
R ESTPCS ram- | 2.75 ! ' / 820 | .98 te .78* | recovery end propulsive
Lawis 1C- scoop | 2.4k ! v/ ! .B65 .80 to .72* thrugt ware obtained with
by 10-Tt blaeed | 1.97 v ¢ / 900 | .87to .es* | bouwnsary-lmyer removel at
unitary the throat.
vind Jowl projected area equel to
tunnel &80 parcent af Apgye
CONFID. 2 Throat | 3.0l 5.07 otel12 | o / { ' v 0.765 | 0.99 o 0.85" | Malar gains 1n total-prensure
M BS7YO3 rem- §2.78 v 7 7 .B20 .95 to .78% recovery amd propulsive
Levis 10- xcoop | 2.44 7 ' ) .B66 .89 to ,72¥ thrust vere chtained with
by 10-1t Dlesd | 1.87 / v ! 500 67 to 65* |  boumndaryulayer removal at
und tary the throat.
wind Cowl projected arsa sgual to
tunnal 20 percent of Agax’
CORFID. 2 mrecat |5.00 5.07 |o0to12 o | 4] 7 Y / 0.785 |0.99 t0 0.85° |Mejor geins in total-pressurs
M ESTPOS ram- |2.7% 4 7 ! .820 .96 to .78% recovery and poopulsive
Lawis 10- scop  |2.44 +/ v 7 .885 .29 to .72% thrust wers obiminsd with
by 10-T5 Yleed |1.97 / Y ! .900 .67 to .55% | boundary-leyes removal at
mitary . the thromt.
tunnal Covl projected erea equal to
B0 parcent of A—_‘.
CONFID. F Thvoat |3.01 5.07 otol2 | o / 7 ¥ 7 0.765 | 0.99 to 0.85" |Major geins in total-pressire
M E57F03 raa- |2.75 v/ ¥ i/ .820 .95 to .78% | recovery and propulaive
Lewie 10- saoop  [B.44 v v 7 .BEB 89 to .72" thrugt wers obimined with |
by 10-ft blsed [1.97 ! Y o 800 67 to .52% boundery-layer remcval Bt
mitary the throat.
fmnel Covl projected area oquel to
20 parcent of Apgx.
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